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The author has already reported that ·the activity to deaminate guanine 
was found positive in the branchial tiSsues of the chtm, JYieretrix, but not in 
' those of its foot or mid-gut gland (Ishida 1954 a). He has also investigated 
the activities of xanthine oxidase (Ishida 1954 c), uricase (Ishida and Tsuzuki 
1955), and urease (Ishida 1954 b) in this species. Further he has carried out a 
comparative investigation on some marine bivalves concerning the urea-deami-
nating activity in their soft parts (Ishida 1955 b), and has found that mode 
of distribution of this-activHy varies considerably from species to species, while 
in certain specieS-' little or no activity of Urea-deamination was observed (Ishida 
1956). 
·For a more extensive survey into manners of purine catabolism in bivalves, 
the autho~ has investigated the distribution of the guanine-deaminating activity 
in some marine species. The results in the following suggest that guanase is 
common among these bivalves and is distributed rather universally within 
their bodies. The localized and exclusive distribution of such activity in the 
clam gills seems to be exceptional, for in any other species so far investigated 
this enzyn:.e was found more active in mid-gut. gland, and in a less degree in 
gill and other parts. These results were read before the 26th Annual Meeting 
of the Zoological Society of Japan, Fukuoka, 1955. 
Before going further the author wishes to express his cordial gratitude to 
Professor Shichiroku Nomura for his kind criticisms. He is also grateful to 
Professor Atsushi Fujita and Mr. Hisayoshi Nagashima of the Chiha University 
for their generous helpfulness in getting materials. The staff ot the Misaki 
Marine Biological Station of the Tokyo University should be acknowledged. 
Professor Saburo Isaka should· also be acknowledged here, for only with his 
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help and assistance could the author carry out his work. 
MATERIAL AND METHOD 
Five Species ot marine bivalves were investigated. Anadara injlata, 
Meretrix meretrix_ lusoria and Venerupis philippinarum were obtained in the 
vicinity of the laboratory. .The specimens of Ostrea gigas were brought in 
from Goi, Chiba Prefecture and those of Mytilus edulis from Misaki, Kanagawa 
Prefecture. 
Like in the case of urea-deamination (Ishida 1955 b), the four organs, i.e., 
gill, mid-gut gland, mantle, and foot, were investigated: Each of these organs 
was blotted, weighed (mostly 0.5 to l.Og); ground in a mortar and was extracted 
and diluted with M /5 boric acid-potassium chloride-sodium carbonate buffer 
(pH 8.6) to eight or sixteen times the weight in most cases. Then this extract 
was centrifuged, and the supernatant was used as the enzyme solution. 
If specimens were not large enough to give sufficient amounts of tissues from 
a single individual, two or more individuals were used. This was usually the case 
with Venerupis philippinarum which is relatively small in size. 
The substrate solution was made up by dissolving 10 mg of guanine fi.rst in 
four drops of N sodium hydroxide arid then in 10 cc of water. 
In a small coniC flask 0.5 cc of the substrate solution was added to 1 cc of 
the tissue extract. The final pH reached 9.0. The flask was stoppered loosely 
and was placed in a bath, of which temperature was kept constant at 38°C. In 
control flasks the guanine 'olution was replaced by alkaline water. 
After 1 hour of incubation 1 cc of the content was pi petted off into a Conway 
unit in whic;h ammonia could be driven off with 1 ·cc of saturated potassium 
carbonate solution and could be absorbed by diffusion by 1.2 cc of 10-• N 
sulfuric acid. More highly concentrated acid was used in case ammonia content 
was higher (Conway 1950). 
After standing for 1 hour or so at room temperature the lid of the unit was 
removed and 1 cc of sulfuric acid which now had absorbed ammonia, was taken 
from the central well and was diluted, in a test tube, to 5 cc with water. The 
tube was shaken well to make the content homogeneous before' receiving 0.5 cc 
of Nessler reagent. Using an electrophotometer with a blue filter the per cent 
transmission of the Nesslerized solution was determined and the ammonia 
content was calculated and expressed in y nitrogen per 100 mg wet tissues. 
As autolysis may take place in all the tissues and their extracts, the 
ammonia content in the control flasks may also have increased, more or less, 
during the period of incubation. This level of ammonia, however, may· be exceed-
ed by that in th.e experimental flasks, if any activity of guanase were exerted. 
Thus the activity was expressed by the difference between the ammonia 
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productio!' by the tissues in ·the presence of guanine and that in its absence. 
RESULTS 
It will be seen in the table that most of the marine bivalves, so far investigat-
ed by the present author, have a common tendency to show the highest activity 
of guanine-deamination in the mid-gut gland which, however, was quite inactive 
in the clam, Meretrix. 
. 
Among the five species investigated, A nadara injlata and Mytilus edulis 
belong to Filibranchia, the oyster, Ostrea gigas, belongs to Pseudolamellibranchia, 
and the; remaining two, Meretrix meretrix lusoriu and Venerupis philippinarum, 
belong to Eulamellibranchia. As regards the distribution of guanase, however, 
little could be discussed in connection with. their taxonomic positions, for the 
clam, fori'nstance, is quite different in this respect from other species including 
the nearest, Venentpis philippinarum. 
The results obtained in each of these species will be described in the following. 
\he table (Table 1) and the figures (Figs. l-5) shall also be referred to. 
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Fig. 1. Deamination of gunnine in Anada.1'a i11jlata 
In this species the gill lamellae and the mid-gut gland were ·rather small, 
and it was often necessary to use two or more individuals to get sufficient amount 
of tissues of these two organs. In each of the first two cases given in the table 
two individuals were used. In the third case a single individual was enough to 
give I g each of the organs to be investigated. Each organ was extracted and 
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diluted with buffer solution to eight times its weight. 
The mid-gnt gland was found the most active in this animal. The gill was 
the second and the mantle the third. In the pedal tissues the guanaoe activity 
\vas rather poor in contrast with other three organs. 
2. Mytilus eduUs (Fig. 2) 
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Fig. 2. D~:tmination of guanine in Mytilus edulis 
This species also showed the highest activity of guanase in the. mid-gut gland 
tissues, but the extent of deamination wa~ much inferior to that in the preceding 
species. No distinction could be observed. between the gill and the mantle as 
regards· the activity of guanase. The foot showed little or no activity. This 
last -organ is relatively small and loosely structured in this mussel. 
In the first two of the three cases given in the table the pedal tissues, which, 
even if collected from two individuals, could not be obtained amply, were diluteed 
too much (0.3 g tissues were diluted \vith 7.7 cc buffer in Case A and 0.2 g with 
7.8 cc in Case B), and this caused inaccurate results. Photometric readings for 
these· cases, however, indicated no significant difference between control and 
·expei1mental preparations, the reciprocal logarithms of per cent transmission 
being 0.035 vs. 0.034 in Case A and 0.026 vs. 0:027 in Case B. Only the multipli-
cation, which was necessary to express activities in terms of the unit weight of 
tissues, has exaggerated these negligible differences. In Case C the pedal 
tissues weighed 0.5 g ancl, as the extract was not too much diluted as in the 
former cases, such an exaggeration could be avoided. In coriclusion, not a notable 
effect of the presence of excess guanine on the production of ammonia :was 
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Table I 
Showing the deamination of guanine in different 
organs of the marinC bivalves. 
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Ammon-ia-nitrogen in 'Y produced by extract of 100 mg 
tissre;; of lClfective organ in 1 hour of incubation at 
3S"C and pH 9 in the presence (e;;::p) at<d ab~ence (con) 
of g:uanine; and the difference (dlff===exp- con} 
Caee ---::-c,---,~::-:----:---:--;-r- ______ 
1 
_____ _ 
1 ___ G_ii_I_-:-::-IlVbd-gut gl1md I Mantle 1-·--F_o_o_t __ 
exp con diff exp con diff exp con dif£ exp con diff 
-~---~r-·---··---
1 
A'~ 11o 2 5.s -1.412oo6:5-i3~5-~-5.o 3.6 1411.6 u o.5 
Bll 7:4 4.7 2.7 ~0.5 7·1 13.4 5.5 3.7 2 t) 4.6 4.0 0.6 
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5.8 
1.5 12.2 8.7 .5 3.7 
0.5 20.0 14.5 5.5 7.0 
8.9138.4 2.6 35.81 7.7 
8.9 43.2 2.9 40.3 10.6 
4.5 8.2 8.4 ( -0.2) 2.2 
4.8 5.5 5.5 0 1.3 
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Note: Figu··e3-~in ·parentl~ews are negligible in rCo;pect of technical <:~ccur:~cics. 
1) organs from two individuals. 
2) organs from a single individual. 
3) feet from twO· individuals, other organs from otic. 
4) reported abeady (Ishida 1954 a). 
5) mid-gut glat·.ds from six individu:,ls, other organs from four. 
6) organs fro·n four individuals. 
Other three organs were large enough to be. investigated more exactly.· 
3. Ostrea gigas (Fig. 3) 
According to the results obtained here the oyster seems to have an extraordi-
narily high activity of guanase in its soft parts, especially in the mid-gut gland. 
The production of ammonia due to the breakown of guanine by the .mid-gut 
g·land tissues in this animal amounted to three to ten times that shown by other 
active organs in this and other species. Gills and mantles also have ·shown con-
siderably high activities. The autolytic production of ammonia in this species 
was rather low in comparison with that in other bivalves (compare the black 
portions in the figures). 
4. Meretrix meretrix lusoria (Fig. 4) 
That the only site of guanase in this animal was the branchial tissues was the 
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Fig. 3. Deami.nation of guaine in Ostrea g~gas 
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Fig. 4. Deammation of guanille in Meretr·ix 'meretrix lit.soria 
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main conclusion of the author's first report of this series (Ishida 1954 a). Having 
investigated certain other species to find out patterns quite different from that of 
the clam, a few more experiments w.cre felt to be needed tO confirm the former 
results. 
As shown in the table, no activity of guanase could be 'recognized in the mid-
gut gland, mantle, and foot. It happened once, in a preliminary test, that the 
production of ammonia by Pedal tissues seemed to have increased in the presence 
of guanine, but the aufhor has had no opportunity since then to obtain a similar 
result, and he cannot conclude yet whether this might be an artefact or not. At 
any rate, this species is very peculiar in showing the highest activity of guanine-
deamination in the gil) lamellae, and not in the mid-gut gland like in many other 
bivalves. 
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Fig. 5. Deamination of guanine in Venerupis p!titippinaYttm 
Four to six individuals were necessary in this species to collect organs .suffici-
ent in amount for determinations. The activity of guanase ·in this animal is very 
low in general, and it seems to be rather localized in the mid-gut gland. The 
data for other organs, especially for foot and mantle, suggest that only very low 
act_ivities, sometimes nil, could be found in them. As sufficient amounts of pedal 
and other tissues were available in this species and the extracts being less 
diluted, even a very small figure in the table is to be noted. 
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DISCUSSION AND CONCLUSION 
In a former work (Ishida 1954 a) the author referred to the conclusion by 
Florkin (1945) that the presence of adenase and guanase, as well as the lack of 
nucleoside deaminases1 characterizes the invertebrate catabolism of nucleic acids. 
Then the author put stress upon the importance of the branchial tissues -in the 
clam, Nferetrix, not only for the respiratory, but also for the excretory functions, 
for this bivalve showed the activity of cleaminating guStnine considerably and 
exclusively in those tissues·. The breakdown of urea was also found quite active 
in the gill (Ishida 1954 h). Urea, however, could also be deaminated in other 
organs such as foot, mantle, and mid-gut gland; very remarkably in the last. In 
another work (Ishida 1955 b) it was shown that the distribution of the urea-
deaminating activity varied somewhat from species to species. On the other 
hand, uricase in lt1eretrix and Venerupz's was fOund to be highest in activity in the 
mid-gut rrland and'also recognizable in other parts such as gills, mantles and feet 
~ . 
(Ishida and Tsuzuki 1955). 
All these results of the former works necessarily led the author to think of 
carrying out some more surveys into distributions of purine enzymes in various 
species of bivalves, and guanine was chosen as the first to be tes'ted. As mentioned 
already in the introductory part of this paper, the clam, which has most frequently 
been employed for experiments by the present author, was found to be rather 
exceptional in the pattern of the distribution of guanase. It was not in the gill, 
but in the mid-gut gland that the activity of guanine-deamination was found 
most active in four bivalved species other than Meretrz'x. 
At the very beginning of the present series of works the author repeatedly 
looked for the activity of guanase in the mid-gut gland of the clam, for this organ 
looked as if most important above all. He failed. It was rather a surprise that 
he found the activity exclusively in the gill lamellae of Meretri.%, and again it is a 
surpnse that he found out the same. act_ivity in other organs in related, animals. 
Having found now the importance of mid-gut gland as well as of gill lamellae, 
and having found the importance of foot in certain other respects, the author 
thinks it essential to carry out more investigations on the distribution of enzymes 
for decomposing purines and their derivatives, for the characteristic patterns for 
the respective species could. be' established only thrOugh discovering site or sites 
of catabolism of these substances in various molluscans. 
As already cited in a former work the distribution of adenase, guanase, and 
xanthine oxidase among animal tissues is known to be very erratic (Baldwin 1949). 
This seems true also within the group of b1valved molluscs, and more descriptions 
for more species must be necessary to draw, if any, definitive conclusions con-
cerning the occurrenCe of these enzymes in each of them. 
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According to the results obtained so far, the· mid-gut gland shows a high 
activih~ of guanase in many species, and also a remarkable .activity of xanthine 
oxidas~ and uricase in Meretrix (Ishicla and Tsuzuki 1955) and other species 
(Ishida and Tsuzuki 1956). As the site of guanase the gill is important not only 
in Meretrix but also in others. ThiS organ is also important for the dearnination' 
of.urea in M-eretrix and 'other bivalves such as A11adant, VenerU:pis, and to a 
considerable extent in Martra (Ishida !855 b). Mantle is related more or less 
with many of the catabolic processes of purines and derivatives. As regards the 
deamination of guanine, the foot in many bivalves proved to be least active. This 
organ, however, showed a very remarkable activity of deh~rdrogenating hypo-
xanthine in the clam (Ishida !954 c). Concerning another interesting role of the 
foot in My!Uus edulis descriptions will be given elsewhere (Jshirla 1956). . 
Although the informations at present are quite imperfect, these obtamed 
thus far seem to suggest that purines and their derivatives 'in molluscan soft 
bodies might be transferred from one place to an9ther as they follO\V the course 
of enzymatical breakdown, perhaps more erratically than in the bodies of 
vertebrates. 
SUMMARY 
1. The activity to deaminate guanine in gill, mid-gut gland, mantle and foot 
in five marine bivalved species was investigated. 
2. The mid-gut· gland was most active in Anadara. inflata, Mytilu.s edu/.is, 
Ostrea gigas and 1J1enerupis philippinarum. 
. 3. The gill was active more or less in all of the Jive species investigated. 
4. Meretrix meretrlx lu,sorla was exceptional among the five species in sho"':'-
ing the activity of guanase only in the gill and not in other organs. 
5. The mantle was very active in· .the oyster, Ostrea gigas, considerably 
active in Anadara inflata and Mytihts edttlis, and slightly active in Vener.upis 
philippinarum. 
6 .. Lower activities were shown by feet of A n;d;ra injfata and Venerupis 
philippinarum. In Mytilus edulis and Meretrix meretrix lusoria the feet could 
be ignored as regards the deamination of guanine. 
7 .. The oyster, Ostrea gz'gas, was most remarkable among the five species in 
respect of the guanine-deaminating activity. 
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